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Effect of treatment with cholecalciferol on the membrane
potential and contractility of aortae from spontaneously
hypertensive rats

Eneida G. Silva, Lucia M. Vianna, Paulo Okuyama & 'Therezinha B. Paiva
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1 The diet of spontaneously hypertensive rats (SHR) and normotensive Wistar rats (NWR) was
supplemented with 12.5 Mg cholecalciferol per 100 g body weight daily, by gavage, for 4 weeks.
2 The amplitude of the contractile responses of aortic rings from SHR to potassium and adrenaline,
which was smaller than in NWR aortae, was increased after treatment with cholecalciferol. No further
changes were observed in the responses of NWR and SHR aortae in the presence of 100 nM apamin.
3 The membrane potentials of aortae from SHR, which were higher than those of aortae from NWR,
decreased after treatment with cholecalciferol. Further depolarization was observed in aortic rings from
NWR, but not in aortic rings from SHR, after their preincubation with 100 nM apamin.
4 It is concluded that cholecalciferol normalizes the membrane potential and contractility of aortae
from SHR, probably through an effect on lipid composition and structure of the plasma membrane.
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Introduction

Hypertension is characterized by an increased sensitivity of
vascular smooth muscle to vasoconstrictor stimuli (Triggle &
Laher, 1985; Bohr & Webb, 1988). However, when the vascular
reactivity of hypertensive rats was studied, divergent results
were observed for different vessels. In general, resistance vessels
from spontaneously hypertensive rats (SHR) are more re-
sponsive (Aqel et al., 1987; Bendhack et al., 1988; Huzoor-Ak-
bar et al., 1989) whereas in conducting vessels, such as aorta, the
contractile responses are lower in SHR than in normotensive
animals (Hallbiick et al., 1971; Shibata et al., 1973). In previous
work we showed that the amplitude of the contractile responses
of aortic rings to potassium is smaller in SHR and in normo-
tensive Wistar-Kyoto rats (WKY) than in normotensive Wistar
rats (NWR). The calcium uptake is decreased and the activity of
apamin-sensitive Ca2"-dependent K+ channels is increased in
aorta from both WKY and SHR, but an overactivity of the
Na+/K+-ATPase was observed in aorta from SHR, favouring
the activation of Ca2+-sensitive K+ channels and hyperpolar-
ization of the smooth muscle cell membrane (Silva et al., 1994).

It has been shown that Na+/K+-ATPase activity is depen-
dent on membrane fluidity (Kimelberg & Papahadjopoulos,
1974). It is also known that vitamin D3 affects the lipid
structure of the plasma membrane, increasing its fluidity
(Rasmussen et al., 1982; Brasitus et al., 1986). Furthermore,
SHR present an abnormal vitamin D3 metabolism (Lucas et
al., 1986), and their blood pressure can be reduced by chronic
treatment with the vitamin D3 precursor cholecalciferol
(Vianna et al., 1992). Therefore, in the present work, we in-
vestigated whether dietary supplementation with cholecalci-
ferol is able to reverse the abnormal membrane potential and
contractility of aortae from SHR.

Methods

Animals

Experiments were carried out with an Okamoto-Aoki strain of
spontaneously hypertensive rats (SHR) derived from an ori-
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ginal colony supplied by the National Institutes of Health,
Bethesda, MD, U.S.A. Normotensive Wistar rats (NWR) from
the Wistar Institute, Philadelphia, PA, U.S.A., inbred at Es-
cola Paulista de Medicina, SP, Brazil, were also used. Females
aged 20- 30 weeks were used, which weighed either 160-215 g
(NWR) or 170-210 g (SHR). They were fed a standard diet
(Labina rat chow, Purina), containing 6,600 i.u. cholecalciferol
kg- l, during a basal period of ten days. After the basal period,
the treated group received, by gavage, a daily supplementation
of 12.5 yg (500 i.u.) cholecalciferol per 100 g body weight,
dissolved in 0.35 ml of coconut oil. The duration of the
treatment was 4 weeks and a control group received 0.35 ml
coconut oil by gavage, daily.

Measurements of mechanical responses

For the aorta tension measurements, the animals were de-
capitated and bled, the thoracic aorta was removed and placed
in Krebs solution (pH 7.40) of the following composition (in
mM): NaCl 118, KC1 4.7, CaCl2 2.5, KH2PO4 1.2, MgSO4 1.2,
NaHCO3 25 and glucose 10. Rings of 1 cm length were cut,
everted as previously described (Silva et al., 1994), and the
endothelium was removed by scratching with a thin plastic
tube wrapped in cotton. For the tension measurements, the
preparations were mounted in chambers containing 6.0 ml of
Krebs-bicarbonate solution bubbled with a 5% C02/95% 02
mixture and the temperature was kept at 37+0.5°C. After an
equilibration period of 2 h under a load of 1 g, the isometric
responses were recorded. Cumulative dose-response curves
were obtained by stepwise increases in the concentration of
KCl or adrenaline until the maximum response was reached,
both in the absence and in the presence of 100 nM apamin
added to the bath 7 min before the beginning of the experi-
ments.

Measurements of membrane potentials

Membrane potential measurements were made with micro-
electrodes prepared as previously described (Frediani-Neto et
al., 1991; Silva et al., 1994), by pulling capillary glass tubes in a
horizontal puller (Narishige, model PN3) and filling with 1 M
KC1. The resistance ranged between 30-80 MW. The elec-
trodes were mounted in Ag/AgC1 half-cells on a micro-
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manipulator (Leitz) and connected to an electrometer (WP
Instruments, model FD 223). The signals were recorded in a
potentiometric chart recorder (ECB, model RB102).

The impalements were made from the intimal side in everted
rings placed in a 2 ml chamber and superfused at a rate of
3 ml min-' with Krebs-bicarbonate solution bubbled with a
5% C02/95% 02 mixture at 370C. Measurements were per-
formed in preparations that had been previously submitted to
a stretching force equal to that which was applied in the ten-
sion measurement experiments (1 g for 2 h), both in the ab-
sence and in the presence of 100 nM apamin incubated for
7 min before the impalements. The criteria for accepting an
impalement were: abrupt changes in the potential recorded
upon entry and withdrawal of the microelectrodes from the
cell; stable potential (+ 3 mV) for at least 1 min after impale-
ment; minimal changes in resistance (<10%) of microelec-
trode after impalement.

Drugs

Vitamin D3 (cholecalciferol), adrenaline bitartrate and apamin
were from Sigma (St. Louis, MO, U.S.A.) and all other che-
micals were of the highest purity available.

Statistics

Statistical analysis was done by Student's t test for the com-
parisons between NWR and SHR, or by the Newman-Keuls
test for the comparisons between the three different conditions.
A probability ofP< 0.05 was considered significant. Values are
arithmetic means + s.e.means.

Results

Mechanical responses

To investigate whether treatment with cholecalciferol could
normalize the impaired contractile responses of SHR aortic
rings, both SHR and NWR were given 12.5 Mg cholecalciferol
per 100 g body weight per day by gavage for four weeks.
During this period, the animals showed no significant changes
in food and water intake or urine output, and had a normal
increase of body weight.

Figures la and 2a show the cumulative concentration-
reponse curves to adrenaline and to hyperosmotic addition of
KC1, respectively, in aortic rings from untreated NWR and
SHR. The amplitude of the contractile responses to both
adrenaline and potassium was significantly greater in aortae

from NWR than in those from SHR. After treatment with
cholecalciferol (Figures lb and 2b) a significant increase in the
contractile responses was observed in aortic rings from SHR,
but no change was seen in those from NWR, so that the am-
plitude of the contractile responses became similar in the
aortae of the two strains.

It has previously been demonstrated that apamin reduces
the membrane potential and increases the contractile responses
of SHR aortae, suggesting the presence of overactive apamin-
sensitive Ca2+-dependent K+ channels in these arteries (Silva
et al., 1994). To determine whether changes in the activity of
these channels could account for the normalization of SHR
aortic reactivity after vitamin D3 treatment, the effect of apa-
min on the concentration-response curves to adrenaline and to
KCl was studied in aortic rings from cholecalciferol-treated
animals. No further changes in the amplitude of the contractile
responses were observed in aortae from treated NWR or SHR
after preincubation with 100 nM apamin for 7 min (Figures lc
and 2c).

Membrane potentials

Since electrophysiological properties are also altered in aortae
from SHR compared to those from NWR (Silva et al., 1994),
in the present work we measured the membrane potentials of
aortic rings from cholecalciferol-treated animals. Figure 3
shows that in untreated animals the membrane potentials were
significantly higher in aortic rings from SHR than in those of
NWR. After treatment with cholecalciferol, a significant de-
polarization was observed in SHR (Figure 3b) but not in NWR
(Figure 3a) aortic preparations. When the membrane poten-
tials were measured in the presence of 100 nM apamin, how-
ever, no further changes occurred in the aortic rings from
cholecalciferol-treated SHR, whereas a significant depolariza-
tion was observed in the corresponding NWR preparations.

Discussion

It is well established that a major physiological effect of 1,25-
dihydroxycholecalciferol (1,25-(OH)2D3) is to stimulate the
transepithelial transport of calcium across intestinal mucosal
cells (Nicolaysen et al., 1952; Haussler & McCain, 1977).
Moreover, treatment with vitamin D3 stimulates calcium up-
take in vascular smooth muscle cells (Bukoski et al., 1987; Xue
et al., 1991), resulting in increased vascular reactivity (Hatton
et al., 1994). Previous studies indicate that the enhanced cal-
cium uptake observed after chronical supplementation with
vitamin D3 is associated with increased synthesis of new pro-
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Figure 1 Responses of aortic rings from NWR (0) and SHR (A) to cumulative increases in adrenaline concentration in control

(a) and cholecalciferol-treated animals in the absence (b) and in the presence (c) of apamin (100 nM). Each point is the average of 5-
21 experiments and the s.e.means are indicated by vertical lines. *Significantly different from NWR. tSignificantly different from

control rats, not treated with cholecalciferol (P<0.05).
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Figure 2 Reponses of aortic rings from NWR (0) and SHR (A) to cumulative increases in KCl concentration in control (a) and
cholecalciferol-treated animals in the absence (b) and in the presence (c) of apamin (100nM). Each point is the average of 5-21
experiments and the s.e.means are indicated by vertical lines. *Significantly different from NWR. tSignificantly different from
control rats, not treated with cholecalciferol (P<0.05).
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Figure 3 Membrane potentials of aortic rings from NWR (a) and
SHR (b) in control (open columns) and cholecalciferol-treated
animals in the absence (solid columns) and in the presence (stippled
columns) of apamin (100nM). Values are means of the number of
experiments given below the columns, and the s.e.means are indicated
by vertical bars. *Significantly different from control animals, not
treated with cholecalciferol. tSignificantly different from cholecalci-
ferol-treated animals in the absence of apamin. ISignificantly
different from NWR (P<0.05).

teins (Haussler & McCain, 1977) and with alterations in lipid
composition and structure resulting in an increased plasma
membrane fluidity (Matsumoto et al., 1981; Rasmussen et al.,
1982; Brasitus et al., 1986). On the other hand, Boland &
Boland (1987) showed that the acute administration of 1,25-
(OH)2D3 stimulates calcium uptake in skeletal muscle obtained
from vitamin D-deficient chicks, which is abolished by the
blockers of voltage-dependent calcium channels, nifedipine
and verapamil. These results indicate that vitamin D depriva-
tion, and probably an abnormal vitamin D metabolism, may
impaire the calcium movement modulated by lipid fluidity and
by the activity of voltage-dependent calcium channels.

Conducting vessels from SHR, such as aorta, show de-
creased contractility, compared to those of NWR, due to the
hyperpolarized state of the plasma membrane and decreased
calcium uptake of their smooth muscle cells, probably resulting
from an overactivity of the Na+/K+-ATPase and of Ca21-
dependent K+ channels. It has been shown that membrane
fluidity can modulate the activity of Na+/K+-ATPase
(Kimelberg & Papahadjopoulos, 1974) and it is known that
vitamin D3 plays an important role in lipid composition and
structure of the plasma membrane, determining an increase in
its fluidity (Brasitus et al., 1986). Since SHR present abnormal

vitamin D3 metabolism (Lucas et al., 1986) and reduced
fluidity of plasma membrane of erythrocytes and vascular
smooth muscles (Tsuda et al., 1992), it is possible that reduced
cell membrane fluidity could be the cause of their altered aortic
Na+/K+-ATPase, Ca2 +-sensitive K+ channels and membrane
potential. In accordance with this supposition, it would be
expected that treatment with vitamin D3, by increasing the
aortic membrane fluidity, could normalize the activity of the
Na' pump and of Ca2+-dependent K+ channels. This could
promote membrane depolarization, and an increase of calcium
transport modulated by membrane fluidity and/or potential,
and would also increase the contractile responses of aortae
from SHR.

It is well established that the vascular contraction induced
by potassium is mainly the result of an influx of extracellular
calcium through voltage-dependent channels (Van Breemen et
al., 1972). On the other hand, it was previously demonstrated
by Rutledge et al. (1984) that a-adrenoceptor agonists mobilize
both intra- and extracellular calcium. These authors also
showed that noradrenaline induced responses in aortae from
SHR were less sensitive to inhibition by calcium antagonists
when compared to responses in aortae from normotensive
controls. This could indicate that in SHR the contraction in-
duced by a-adrenoceptor agonists results only from in-
tracellular calcium mobilization. In the present work we

observed that chronic supplementation with vitamin D did not
have an effect on the membrane potential in NWR, but caused
a significant decrease in the membrane potential of aortae from
SHR. This depolarization in aortae from SHR could restore
the normal mobilization of extracellular calcium by both po-
tassium and adrenaline, increasing the responses to these
agents. In fact, the aortic contractile responses were affected by
the vitamin D3-treatment in SHR, which increased and became
similar to those obtained in NWR. Moreover, these contractile
responses, as well as the membrane potential, were not influ-
enced by apamin, similar to those in untreated aortae from
NWR (Silva et al., 1994), suggesting that treatment with vi-
tamin D was able to normalize the activity of Ca2+-dependent
K+ channels in the hypertensive strain.

In conclusion, this work shows that chronic oral adminis-
tration of cholecalciferol normalizes the resting membrane
potential and contractility of aortae from SHR.
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